The lower airways in patients with bronchiectasis are often colonized with pathogenic microorganisms, which are associated with pulmonary infections and secretion of inflammatory mediators that can lead to progressive tissue damage and airway obstruction.\[[@ref1][@ref2]\] The triad of chronic infection, bronchial inflammation, and progressive lung injury represents a "vicious cycle" justifying prompt evaluation of suspected infections.\[[@ref3]\] Identification of the causative bacterial agents and administration of appropriate anti-microbial therapy may help break off this vicious cycle.\[[@ref1][@ref2][@ref4]\] In this regard, sputum culture represents a simple, noninvasive, low-cost diagnostic tool to evaluate the pattern of bronchial colonization in clinically stable patients with bronchiectasis.\[[@ref1]\] There are scarce studies about the bronchial colonization of patients with bronchiectasis. The aim of the present study was to evaluate the bacterial colonization and associated factors in patients with bronchiectasis.

Methods {#sec1-1}
=======

A total of 121 patients followed at the Bronchiectasis Unit, Department of Pulmonology, Cerrahpasa Medical School between 1996 and 2013 and diagnosed as having noncystic fibrosis (CF) bronchiectasis with high resolution computed tomography (HRCT) or multi-slice computed tomography (CT) were included in this retrospective study. The study protocol was approved by the Ethics Board of Cerrahpasa Medical School, Istanbul University (Approval No: 83045809-33960).

Study design {#sec2-1}
------------

This study setting was an outpatient clinic specializing in bronchiectasis where HRCT or multi-slice CT, in addition to sputum cultures, is routinely performed in patients with bronchiectasis. Patient data for a total of 121 participants was evaluated retrospectively. Colonization is defined as "at least two results of sputum culture separated by at least 3 months in a year."\[[@ref5]\] The results of sputum cultures were divided into two groups; colonized and noncolonized. Possible risk factors for colonization (age, gender, age at the etiologic factor onset and the symptoms onset, duration of the etiologic factors and symptoms, follow-up period, having symptoms, smoking history, etiology of bronchiectasis, type of bronchiectasis, localization of bronchiectasis, number of lobes with bronchiectasis, pulmonary functions) and the treatment including antibiotics, inhaled corticosteroids, inhaled long acting beta-2 agonists, inhaled anticholinergics, and oral N-acetyl cysteine were evaluated.

Clinical assessments {#sec2-2}
--------------------

Age, gender, status and duration of the etiologic factor and symptoms were evaluated. In the presence of symptoms such as purulent sputum which are strongly suggestive for bronchiectasis, the date on which symptoms emerged was used as the disease onset; in the absence of symptoms, the date of the first radiologic detection of bronchiectasis was used as the disease onset. A patient was considered smoker if he or she was smoking daily at least for 1 year. Smoking was quantified in terms of pack-year. If a patient quit smoking at least 1 year before the study, he/she was accepted as an ex-smoker.

Radiological evaluation {#sec2-3}
-----------------------

All patients underwent an HRCT or CT imaging to determine the type bronchiectasis (cystic, varicose, or cylindrical) and the total number of lobes involved. HRCT or CT imaging of patients was accepted after interpretation of a faculty member of Radiology Department.

Spirometric evaluation {#sec2-4}
----------------------

Spirometry was performed in all patients during the stable phase using a SensorMedics Vmax device (SensorMedics Series 22, USA) according to the criteria proposed by American Thoracic Society.\[[@ref6]\]

Microbiological evaluation {#sec2-5}
--------------------------

Bronchial colonization was examined in all patients. All sputum samples with \<10 epithelial cells under ×100 magnification were considered valid sputum samples qualifying for further analysis.\[[@ref7]\] Sputum samples were plated onto 5% sheep-blood agar, chocolate agar, and Mc Conkey agar. Gram and Ehrlich Ziehl--Neelsen staining were routinely performed. Bacterial colonization was defined as the detection of at least two isolates of an organism separated by at least 3 months in a year. Patients with no pathogens isolated in sputum samples were considered to have no bacterial colonization.

Treatment {#sec2-6}
---------

The previous and ongoing treatment and drug dose including antibiotics, inhaled corticosteroids, inhaled long acting beta-2 agonists, inhaled anticholinergics, and oral N-acetyl cysteine are investigated and recorded. Furthermore, the type and duration of antibiotic treatments before colonization were recorded in detail.

Statistical analyses {#sec2-7}
--------------------

SPSS software version 21.0 (AIMS, Istanbul, Turkey) was used for statistical analyses. Continuous variables were expressed as mean ± standard deviation, and all categorical variables were expressed as the number and percent. Continuous variables were compared using Student\'s *t*-test or Mann-Whitney U-test depending on the distribution of data, and categorical variables were compared using Chi-square test. Variables considered statistically significant in the univariate analysis were entered into the stepwise logistic regression analysis in order to define the most relevant predictive variables, and their odds ratios (ORs) with 95% confidence interval (CI) are also shown.

Results {#sec1-2}
=======

Of the 121 patients included in the study, 65 (54%) were female and 56 (46%) were male. Mean age was 50.6 ± 16.1 years. Mean duration of disease was 20.3 ± 15.5 years (median: 15 years). From an etiological viewpoint, postinfectious bronchiectasis represented the majority of the cases (*n* = 81; 66.9%). Patient characteristics are shown in [Table 1](#T1){ref-type="table"}.

###### 

Baseline characteristics of 121 patients

![](ATM-11-55-g001)

Colonization was present in 43 (35.5%) subjects, mostly caused by *Pseudomonas aeruginosa* (*n* = 25; 20.6%) and *Haemophilus influenzae* (*n* = 14; 11.5%) \[[Table 2](#T2){ref-type="table"}\].

###### 

The main pathogens for colonization

![](ATM-11-55-g002)

Young age, young age at onset of the etiology, young age at symptoms onset (the onset of the symptoms signifies the onset of the disease), having at least one symptom, long duration of symptoms, long follow-up period, low amount of smoking (packet-years), tuberculosis, and measles as etiologic factors, the presence of cystic or varicose bronchiectasis, location in right lower lobe, severity of radiological signs (total number of lobes with bronchiectasis), low pulmonary function tests including forced vital capacity (FVC), FVC%, forced expiratory volume in 1 s (FEV~1~), FEV~1~%, percentage of maximum midexpiratory flow rate values and using inhaled corticosteroids, inhaled long acting beta-2 agonists, and inhaled anticholinergics emerged as significant risk factors for colonization at univariate analyzed. (*P* \< 0.05, for all). Comparison of subjects with or without colonization is shown in [Table 3](#T3){ref-type="table"}.

###### 

The comparison of the colonized and noncolonized patients
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The stepwise logistic regression analysis showed a significant association between colonization and cystic bronchiectasis (*P*: 0.037; OR: 3.7; CI: 1.4-9.6) and low FVC% (*P*: 0.025; OR: 0.9; CI: 0.9-1.0) \[[Table 4](#T4){ref-type="table"}\].

###### 

The results of the stepwise logistic regression analysis

![](ATM-11-55-g004)

Discussion {#sec1-3}
==========

Patients with bronchiectasis often suffer from chronic colonization or infection of the lower respiratory tract, which is sterile under normal conditions. Previous studies have used a variety of definitions for chronic colonization in patients with bronchiectasis.\[[@ref8]\] These definitions have included at least three isolates of an organism over a period of at least 3 months, and at least two isolates 3 months apart over 1 year or three or more consecutive cultures separated by at least 1 month over a period of 6 months.\[[@ref5][@ref9][@ref10][@ref11][@ref12]\] In case on the inability to reach microbiological test results, the information about the type of colonized bacteria and its antibiogram is quite important to decide about the effective antibiotics during the early phase of exacerbations. We used the definition of Pasteur *et al*.; "at least two results of sputum culture separated by at least 3 months in a year" was used.\[[@ref5]\]

Main pathogens responsible for colonization were *P. aeruginosa* (20.6%) and *H. influenzae* (11.5%) in our bronchiectasis patients. This is similar to the report of Pasteur *et al*., where *P. aeruginosa* (24%) was the most frequent pathogen isolated, followed by *H. influenzae* (17%).\[[@ref5]\] Similarly, pathogens isolated in some other studies were *P. aeruginosa* (5-75%), and *H. influenzae* (10-47%), *Streptococcus pneumoniae* (2-14%).\[[@ref1][@ref10][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22][@ref23]\] Angrill *et al*.,\[[@ref1]\] Evans *et al*.,\[[@ref10]\] Pasteur *et al*.,\[[@ref5]\] and King *et al*.\[[@ref17]\] have reported the results of sputum cultures in different times apart each other to determine colonization. In the literature, although most of the studies have published their results based on a single sputum culture, the results have been partially similar. In addition, new techniques have been developed and can provide the opportunity to examine in detail the bacterial profile of air way.\[[@ref15][@ref23]\] Rogers *et al*.\[[@ref15]\] analyzed the induced sputum and bronchoalveolar lavage by 16S ribosomal RNA gene pyrosequencing and showed the significant correlation between the bacterial profile of the lower airway and disease severity in 41 patients with non-CF. In another study of Rogers *et al*.\[[@ref23]\] that was complementary of previous study,\[[@ref15]\] they used "Microbiota Stratification System" and reported that; "the stratification system is so effective and may predict the risk of future exacerbations in non-CF bronchiectasis by finding the dominant bacterial taxa that are not ordinarily identified by culture and have not previously been considered to be pathogenic." However, further investigations are needed to verify the effectiveness of these new techniques.

The effects of treatments mostly corticosteroids and antibiotics on colonization in bronchiectasis are unknown research topics. In this study, the treatment including antibiotics, inhaled corticosteroids, inhaled long acting beta-2 agonists, inhaled anticholinergics, and oral N-acetyl cysteine were not found to be related with colonization.

Low FVC% and the presence of cystic bronchiectasis were more likely to be associated with airway colonization in this study (*P* \<0.05). This is partially similar to the findings reported by Angrill *et al*.,\[[@ref1]\] who demonstrated that the three following variables were associated with airway colonization:

Confirmation of diagnosis before the age of 14 years;The presence of varicose-cystic bronchiectasis on HRCT; andFEV~1~ lower than 80%.\[[@ref1]\]

In contrast to the report published by Angrill *et al*., our results showed that lower values of FVC%, not lower FEV~1~, were associated with colonization in patients with bronchiectasis. Furthermore in studies by Evanset al.,\[[@ref10]\] Miszkiel *et al*.,\[[@ref24]\] and Ho *et al*.,\[[@ref13]\] a correlation between the colonization (especially with *P. aeruginosa*) and lung function impairment was reported. Our results are supportive of these findings as well. We would like to emphasize that our results are similar to those of the previous studies from different European and Asian countries (Angrill *et al*. from Spain, Evans *et al*. from UK, Pasteur *et al*. from UK, King *et al*. from Australia, Ho *et al*. from Hong Kong, Rogers *et al*. from UK, Miszkiel *et al*. from UK, Tunney *et al*. from UK, Palwatwichai *et al*. from the Southeast Asia). We may conclude that microbiological profile of patients with bronchiectasis is similar in all around the Europe and the Asia. The ongoing multidisciplinary collaborative studies in non-CF bronchiectasis, such as "EMBARCH" Registry (European Multicentre Bronchiectasis Audit and Research Collaboration), are expected to find responses to lots of questions about the field of bronchiectasis in a near future.

This study has several strengths. It includes a fairly high number of bronchiectasis patients with a long follow-up time in a specified reference Bronchiectasis Unit established in 1996; which has the mission to accept the patients with bronchiectasis as a special group of patients, who should be followed up by a specified reference clinic. Furthermore, considering the lack of recent publications on this issue, we report a relatively new data to literature in the field of lower airway colonization in this group of patients.

However, its retrospective design with lack of the absence of data on compliance with respiratory physiotherapy to optimize bronchial hygiene is among its limitations.

Conclusion {#sec1-4}
==========

Risk factors associated with bacterial colonization in patients with bronchiectasis are low FVC% and the presence of cystic bronchiectasis. Patients with at least one of these two risk factors require closer monitoring for colonization.
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